The study investigates the value of additional information on the response function to soil salinity of a given crop (potatoes), with regard to a stochastic long-run optimization model for utilization of saline water to a single farm framework. The analysis provides a conceptual and methodological framework for investigating the expected value of sample information (DVSI), as well as an efficient tool for empirical application. Although a few approximations have been used, the results provide an estimate of EVSI and indicate the need for additional information. • 2 •
THE VALUE OF INFORMATION ON CROP RESPONSE FUNCTION TO SOIL SALINITY IN A FARM-LEVEL OPTIMIZATION MODEL 1. Introduction
The response function of a given crop yield to soil salinity is an important factor in every optimization model concerning irrigation with saline water. The true value of the response function parameters are usually unknown to the decision maker, and therefore he or she uses their estimates and may !Jecc~a o victim of a suboptimal solution. The damage may be measured by a loss f'jnc~·:o and the calculation of its expectation. The parameters· estimates ( whicn 2:·a arguments in the loss function) are based on a priori information avail abl a the decision maker. But he or she can generally acquire additional infar~a:' which will decrease the uncertainty and reduce the loss expectation. "= expected value of sample information ( EVSI) is defined as the difference beL;aa· the reduction of the expected value of the loss function due to the addition!· information and the cost of its acquisition. The optimal number of obser~at'G~i to be acquired is the one that maximizes EVSI.
A broad theoretical presentation of decision theory, value of informa':':·· and the Bayesian approach can be found in the textbooks of Pratt et al. 1 1965 and DeGroot ( 1970) . A number of studies deal with the value of information farm management (Ryan and Perrin, 1974; Maddock, 1973, r~jelde et al., 1988; Preckel et al., 1987;  Antonovitz and Roe, 19841 and management of water resources (Davis and Dvoranchik, 1972;  Duckstein et a; .. 1977 ; Klemes, 1977) .
It should be pointed out that most of these artie; ei did not deal explicitly with the optimal size of the additional information.
Moreover. the articles that dealt with the management of irrigation systems ignored water quality.
This study focuses on the value of additional information on the response function to soil salinity of a given crop (potatoes), with regard to a stochastic long-run optimization model (hereafter referred to as SLRO-modeli for utilization of saline water in a single farm framework. It is beyond the scope of this paper to present the deta i 1 ed estimation technique of the response function parameters as well as the formulation of the SLRO-model, but they are described briefly.
The organization of the rest of the paper is as follows. 
Estimates of the Response-Function Parameters
An accepted theory among soil researchers states that crop yield ;s independent of average soil salinity below a certain critical threshold, ana thereafter decreases linearly (Maas and Hoffman, !977) . On the basis of this specification, the following switching regression model is used (see Figure l) : From the properties of ML estimates, under fairly general conditons (e.g., observations (Si, Yil. By applying a switching regression technique (Quandt, 1960) , the following ML estimates were derived: By substituting these estimates into (2), a consistent estimator of Za is achieved.
The Stochastic Long-Run (SLRO) Optimization Model --A Brief Review
The planning model considers a single kibbutz farm in southern Israel and incorporates in one endogeneous system both physical/biological relationships (such as response functions and salt distribution in the soil profile) and economic relationships. The farm has three water sources, differing in availability, quality (salinity level), and price. Water from different sources may be :nixed, providing for additional quality options. The farm has at ;:s disposal five plots of land, differing in area and initial salinity level of the soil solution.
The cropping alternatives of the farm are as follows: fall potatoes, fa1 i carrots, cotton, and a mature grapefruit grove. The yields of these crops (except cotton) are sensitive to soil salinity. The parameters for the yield response functions to salinity for potatoes and grapefruits were estimated by a switching regression approach whereas the estimated parameters for carrots were taken from Maas and Hoffman ( 1977) . An irrigation season is defined as one and is subdivided into two subseasons: spring/summer and autumn/winter.
The SLRO-model refers to the water-soil-crop-farm system over a sequenc2 o~ four irrigation seasons and considers rainfall uncertainty. Conceptually, it is an extension of the two-stage LP model under uncertainty (Oantz1g and Madansk;.
1961; El Agizy, 1967). The objective function of the risk neutral farmer is cJ maximize the present value of the expected net profits from the crops· ne:
returns over the time horizon subject to total water and land supplies, quotas for potatoes and carrots, and linear balance equations which describe t.~e evolution of the soil-related state variables over time. The farm's decision variables include crop mix, quantities and qualities of irrigation water for tne various crops, and quantities and qualities of leaching water for the soi 1 plots. The results provide priorities in the allocation of water and soil plots of varying salinity levels as well as empirical estimates of the shadow prices and the rates of substitution among the limited sources.
A detailed description of the SLRO-model can be found in Feinerman and Varon ( 1983) .
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The Loss Function and Its Possible Situations
Based on the results of the SLRO·model, the following loss function, 'n, 's defined: • • Let Sng(i,k) and Ilng(i,k) be the optimal values of the average soil sal;n,·.
and the net income, respectively, given that the true values of parameters r 2 are known to the decision maker.
Let us now define the following sets (for convenience the index n is ce1i::a: from now on):
s. ( 5 a;
There are 4 additional possibilities but they can be disregarded s1nce :~e A ML estimates ~ are consistent and tend to ~. so that asymptotically: Approximating equation (7) by a second-order Taylor series expansion arou~~ h 1 ( O) yields: 
aaabl ;a=fi
Under assumptions A 1-A3 , equation ( 8) 
The observations Yi are normally distributed and the approximation loss function ( 7) is proportional to the squared errors.
It is therefore asymptotically true that Bayes estimates (i.e., the parameter estimates that minimize the expected loss) are equivalent to the ML estimates (e.g., Bickel and Yahav, I969).
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As fJ. =(SQ. a, bJ) is a random vector, the loss function is also rando:n. FoJr "2 "2 estimates (/J., a1, a2) are used instead ,respectively. Thus the best attainable estimate of ( IO) is : which is based on the a priori T observations). ( 11) describing the situation a priori, :~e expected value of additional information from n observations with spread SC*<T+n) is:
A
With H[T,-SC( T)] (equation
As mentioned, the empirical computation of EVSI( n) relates to potatoes. I:
was found from the empirical application of the SLRO-model that only ; .6
" 1\ l\ hectares of potatoes belongs to E 2 (Sg(i,k):: So= 6.054); which is only 1.4 of the tot a 1 area of potatoes ( 400 ha) during the 4· year p 1 ann i ng horizon. Hence.
it is assumed that I{c} = I{d} = 0 (see equation (5)). Thus equation (7) can be rewritten as:
But this expression can be further simplified based on the following arguments:
Since the ML estimates are consistent it is asymptotically true that for every i ,j ,k. Hence, the possible situations of the loss function reduce to one and equation (II) can be written as (the letter Tin parentheses represents the number of observations used to estimate~. ai and a~):
Noting that E(,Bi • ,Bi)
can be rewritten as:
is an a priori point of reference necessary for the computation of EVS!( n) (see equation ( 12) 
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The partial derivatives of equation ( 17) Table l ) so there is no significant difference in th2 operative conclusions.
Based on the results potatoes should be made.
of Table 1 , about 30 additional observation tS ,i.) c'
The expected value of the additional information is the range of $10,000 to $14,000. The magnitude of EVS!(n) is only about 1~' ~r the total expected present value of the linear SLRO· model· s objective function.
However, the additional field experiments may contribute toward the reduction of the expectation of the loss function for more than a ·single farm in the experimental region and therefore, to substantially increase the profitabilit_:
of additional sampling.
It is important to note that since a few approximations were used in the analysis (second-order Taylor expansion, approximations of the partia! derivatives [see Appendix], and the use of asymptotical statistical theory with the results based on a medium sized sample), the results must be regarded ao approximate. Their main value is that they enable us to learn the order of magnitude of EVS!(n) and to draw operative conclusions about additionai sampling. 
Summary
The estimation of the response function of a given crop to soil sal1ni:_.
and the calculation of the expected value of additional information on the parameters of this function are important steps in the process of decisior making regarding irrigation with saline water under conditions of uncertainty.
Considering the optimum value of the linear SLRO·model and the piecewise linear response-function parameters, a loss function was constructed and its possible states were defined. The loss function was approximated by a secJncorder Taylor expansion (after some suitable assumptions) and its approxi . ..,a:e: expectation was derived. Then, the expected value of additional information c• the response function parameters and the optimal sample size were calcc:a:e:
for potatoes.
The main advantage in the analysis provided in this paper is that ·· provides providing a conceptual and methodological framework with •.vhich investigate the value of sample information in a long-run farm-level analysis a:
well as creating an efficient tool for empirical application. Although so:-'0 approximations were used, the results provide an estimate of EVSI and indicate the need for additional observations. ' ' Hence, the 1 ass function is (see ( 9) A Z</31 .± t:., /32 .± oJ = ~ <.2.l
As mentioned, the partial derivatives were calculated three times , according t ,", the following marginal increments of the parameters: 
